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(57) Abstract 

The invention relates to a method of increasing interference diversity in an FDMA/TDMA-based cellular system, in which 
system a transmission channel of the system between a mobile station (12) and a base station (1 1) is realized as a burst in a time 
slot of a TDM A frame (30) of a carrier of the base station. According to the invention, frequency hopping is used in a first part of 
the base stations (1 1) of the system, and interference diversity is increased further in such a way that additionally, in a second part 
of the base stations (1 1) of the system, at least one transmission channel uses at least two different time slots of a TDMA frame in 
sequential TDMA frames (30) in accordance with a predetermined repeated sequence, and that the sequences used by the sepa- 
rate base stations (1 1) are mutually coordinated in such a manner that at least the sequences used by the cells situated within the 
range of influence of each other are mutually sufficiently uncorrected. The invention relates further to a cellular system accord- 
ing to the method. 
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A method of increasing interference diversity in an 
FDMA/TDMA-based cellular system and cellular system 

The invention relates to a method of increasing 
5 interference diversity in an FDMA/TDMA-based cellular 
system according to the preamble of the attached 
claim 1 and to a cellular system according to the 
preamble of the attached claim 8 * 

The capacity of cellular networks is limited by 
10 a so-called co-channel interference caused by the 
fact that, according to the known principle of a cel- 
lular network, the same radio frequencies are used 
repeatedly as a reuse pattern defined by frequency 
planning* 

15 To guarantee a service sufficiently free from 

interference , a radio network must be planned in view 
of the worst expectations* This means that the basic 
planning situation must be assumed to be a continuous 
interfering signal in a co-channel cell (a cell shar- 

20 ing the same frequencies) and still usually in such a 
topological arrangement which produces the highest 
interfering signal (terminal at that edge of the in- 
terfering cell which is closest to the interfered 
cell and transmission powers set to the maximum). To 

25 keep the' interference caused by this worst case suf- 
ficiently low, a reuse pattern sufficiently relaxed 
is selected for the cellular network. 

The planning of a cellular network based on the 
worst case described above limits the capacity of the 

30 system. This has to be considered as a distinct dis- 
advantage, because the situation of the worst case is 
realized during the operation of the network on rare 
exceptional occasions only. Accordingly, the network 
must in practice be provided with extra safety margin 

35 compromising the capacity of the network. 



\ 
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The known GSM system has -the property of fre- 
quency hopping r which spreads the Influence of inter - 
ferers among a larger number of users. According to 
the frequency-hopping principle , the transmission 
5 frequency is changed continuously during transmission 
of a signal and the receiving frequency during recep- 
tion, respectively, by using a suitable number of 
frequencies, e.g. four predetermined frequencies. 
These frequencies form a so-called hopping sequence. 

10 Within one cell, the hopping sequences are mutually 
synchronized (collisions do not occur between chan- 
nels of a single cell) and independent of each other 
among cells with the same allocated frequencies. In 
the GSM system, frequency hopping is an optional fea- 

15 ture for a base station and an obligatory one for a 
mobile station. 

Two kinds of advantages are gained from the use 
of frequency hopping, namely so-called frequency and 
interference diversity effects. The desirable effect 

20 of frequency diversity is based on the fact that fad- 
ing conditions are mutually uncorrelated across con- 
sequent time slot occurencies, when the frequency of 
a radio connection is changed suf f iciently from one 
time slot to another. Even stationary (or slowly mov- 

25 ing) user's, which for a certain frequency are in a 
fading notch, are then regularly also in a strong 
field on some other carriers belonging to the hopping 
sequence. On the other hand, the useful effect of 
interference diversity is caused by an uncorrelated- 

30 ness of the hopping sequences, i.e. by the fact that 
the frequency-hopping sequences of the base stations 
using the same or nearby frequencies are mutually 
different , due to which connections interfering each 
other change when moving from one time slot to an- 

35 other. In this way, the influence of strong interfer- 
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ence sources is averaged over several channels. Under 
the influence of such a spreading , all the users of 
the network see an average interference level, due to 
which safety margins can be reduced when dimensioning 
5 the network. The result is a denser reuse pattern. 
The radio system and frequency hopping of the GSM 
system are described in greater detail in the refer- 
ence [1] cited (the list of references cited is at 
the end of the specification). 

10 The efficiency of interference diversity de- 

pends decisively on how comprehensively the inter- 
ferences can be shared among the users of the network 
(degree of interference diversity). In a cellular 
system according to the principle of spread spectrum 

15 CDMA (Code Division Multiple Access) known per se, 
all connections use the same radio channel, on which 
the channels are separated by means of spreading 
codes as per subscriber. In such a system, the inter- 
ference diversity is at its maximum and all connec- 

20 tions are seen symmetrically by all other channels as 
small interference contributions. (The principle of 
spread spectrum CDMA and the systems based thereon 
are described in greater detail in the reference [2] 
cited. ) 

25 In the frequency-hopping arrangement according 

to the GSM system, the degree of interference diver- 
sity remains considerably lower (and thus the advan- 
tages gained therefrom less) than in the spread spec- 
trum CDMA system referred to above. In the frequency- 

30 hopping solution of the GSM system, one interferer is 
seen only by those other subscribers whose hopping 
chain includes the frequency used by the interferer 
and whose time slot occurs at the same instant in a 
time raster as the time slot of the interferer. In 

35 order to achieve a high degree of interference diver- 
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sity, the hopping chain of such a system shall com- 
prise a large .number of radio channels (carriers), 
for instance 4 to 8* For capacity reasons, however, 
such a large number of transceiver units are not in- 
5 stalled in most of the cells, and therefore, more ex- 
pensive hopping- frequency synthetizers have to be 
used. 

The object of the present invention is thus to 
provide a method suitable for an FDMA/TDMA-based cel- 

10 lular system, such as the GSM system, of further im- 
proving the degree of interference diversity from 
what is achieved by means of frequency hopping. This 
is provided by the method of the present invention, 
which is characterized in that (in addition to a 

15 . first part of the base stations of the system per- 
forming frequency hopping) at least one transmission 
channel of a second part of the base stations uses at 
least two separate time slots of a TDMA frame in se- 
quential TDMA frames in accordance with a predeter- 

20 mined repeated sequence and that the sequences used 
by the separate base stations are mutually coordinat- 
ed in such a way that at least the sequences used by 
the cells situated within the range of influence of 
each other are mutually sufficiently uncorrelated . 

25 The cellular system according to the invention again 
is characterized in what is described in the charac- 
terizing portion of the attached claim 8. (In this 
description, transmission channel means a connection 
between two communicating parties and time slot a 

30 fixed part of a TDMA frame, the ti m ing of which is 
fixed in relation to the timing of the frame. ) 

The basic idea of the invention is to let the 
channels hop also in a time slot raster, in addition 
to the fact that they hop in a frequency raster; in 

35 other words, the idea is that another dimension is 
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introduced for increasing interference diversity in 
such a manner that a transmission channel (logical 
connection) uses, instead of a fixed time slot allo- 
cation, a number of time slots with a regularly re- 
5 pea ted pattern. The principle of the invention is 
general and concerns all cellular network systems in 
which time division multiplexing is used and frequen- 
cy hopping is possible. However, benefits from the 
invention are best in such systems which offer a con- 

10 siderable number of time slots on one carrier. 

To maximize the benefit from the method, it is 
preferable that all base stations of the system per- 
form both frequency and time slot hopping. For the 
same reason, it is preferable that the time slot al- 

15 location of all channels of a frame of at least car- 
riers comprising only traffic channels is changed 
within the frame from frame to frame. All channels 
may not always be hopped, however. It is better to 
keep the control channel of a cell (BCCH/CCCH time 

20 slot in the GSM system), for instance, in a fixed 
time slot allocation so that passive mobile stations 
monitoring the cells can find the control data with- 
out having to be synchronized with a time slot hop- 
ping sequence of each cell. 

25 Because there are 8 or 16 (half -rate channel) 

time slots in a TDMA frame of the known GSM system , 
the time slot hopping alone provides an advantage of 
diversity, which would not be gained by frequency 
hopping until on a hopping sequence of 8 or 16 fre- 

30 quencies. By a combination of frequency hopping and 
time slot hopping according to the invention, the 
maximum interference diversity is achieved, the effi- 
ciency of which approaches the high degree of inter- 
ference diversity of the spread spectrum CDMA prin- 

35 ciple known per se and described above. 
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In the following, the invention and preferred 
embodiments thereof are explained more closely with 
reference to the examples of the attached drawings, 
in which 

5 Figure la shows schematically a reuse of fre- 

quencies in a cellular network, in which a cellular 
structure consists of a reuse pattern of 9 cells, 

Figure lb shows schematically one cell of the 
cellular network system, 
10 Figure 2a shows the principle of the structure 

of signal processing units of a base station accord- 
ing to Figure lb in a first embodiment of the inven- 
tion, 

Figure 2b shows the principle of the structure 
15 of the signal processing units of the base station 
according to Figure lb in a second embodiment of the 
invention. 

Figure 3 shows one sequence of a first embodi- 
ment of time slot hopping according to the invention, 

20 Figure 4 shows a hopping sequence according to 

Figure 3 by means of a number of arrows drawn in con- 
nection with a TDMA frame, and 

Figure 5 shows one sequence of a second embodi- 
ment of time slot hopping according to the invention, 

25 Figure la illustrates a cellular network system 

as a combination of ideal hexagons, each of which re- 
presents one cell 10 * According to conventional fre- 
quency planning, hexagons are formed in a known man- 
ner to reuse patterns , to so-called clusters , which 

30 clusters 20 typically comprise e.g, 9 cells, as shown 
in Figure la* Frequencies available are divided among 
the cells of a cluster and respective frequencies are 
reused again in the respective cells of the next 
cluster • In Figure la, the frequency combination of 

35 each cell is indicated by reference marks A to I. 
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(For instance, on a 12,5 MHz band with 62 available 
carrier frequencies, the difference between the car- 
riers being 200 kHz, six or seven frequencies are 
allocated to each cell from said frequency band. ) 
5 Accordingly, the object of interference diversity is 
to be protected from interferences caused by the co- 
channel cells of the system. 

Figure lb shows a FDMA / TDMA- based cellular net- 
work system (Figure la) within the area of one radio 

10 cell 10 thereof. A base station 11 forms a radio cell 
of its own in the system and serves subscribers 12 
moving within the area of this cell and being in con- 
nection with their base station via a radio path. The 
base station 11 comprises in this case four trans- 

15 ceiver units A which are indicated by reference marks 
TRX1 . . . TRX4 . The radio transceiver system shown in 
Figure can serve as the base station of a GSM system, 
in which each transceiver is of full-duplex type, the 
so-called duplex spacing between the reception and 

20 transmission frequencies being 45 MHz. The frequency 
range used by the system is typically between 800 and 
1000 MHz . The outputs of the transceivers TRX1 . . . TRX4 
are connected to a radio frequency combining element 
13, which connects the transmitters of the transceiv- 

25 ers to a common transmitting antenna 14 and the re- 
ceivers of the transceivers to a common receiving 
antenna 15. The combining element 13 is a wideband 
combiner suitable for being used together with fre- 
quency-hopping transceivers. Because of the losses of 

30 the wideband combiner, the number of transceivers to 
be connected to the same antenna is limited. 

The base station shown in Figure lb further 
Comprises several baseband signal processing units 
16a to 16d, which produce baseband modulating signals 

35 for the transceiver units TRX1 . . . TRX4 . Transmission 
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channels AO A31 are connected to the signal proces- 
sing units , viz* 32 transmission channels in total, 
eight per each signal processing unit* The number of & 
transmission channels connected to one signal proces- 
5 sing unit is identical with. the number of time slots * 
in a TDMA frame of the system. The transmission chan- 
nels are divided in a manner known per se into con- 
trol channels and traffic channels. Between the sig- 
nal processing units and the transmitters, there is a 

10 switching field 17 connecting the baseband signals to 
be transmitted to the transmitters and the signals to 
be received to the signal processing units, respec- 
tively. Frequency hopping can also be realized in a 
simple way by means of the switching field 17. A 

15 baseband modulating signal, which is a sequence of 
TDMA frames, is connected frame by frame to separate 
transceiver units in accordance with a predetermined 
sequence. Another alternative is to use hopping syn- 
thetizers in the transceivers, due to which the 

20 switching field 17 is not at all absolutely neces- 
sary. If no switching field is used, but the frequen- 
cy hopping takes place by means of synthetizers, the 
switching field can have other tasks, e.g. tasks re- 
lating to a configuration of the equipment of the 

25 base station. 

Figure 2a shows the principle of the structure 
of one signal processing unit 16a to 16d in a first 
embodiment thereof. In the signal processing units, 
the data to be transmitted is coded and loaded to the 

30 frame structure by combining in a cyclic manner the 
digital data streams offered by the transmission 
channels . In reception, the frame structure of the 
data to be received is deframed and a decoding is 
performed. 

35 The data to be transmitted, coming to a signal 
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processing unit from another part of the radio sys- 
tem , e.g. from a base station controller of the GSM 
system, are processed in a channel coding unit 21. 
The channel coding unit 21 can perform e.g. the fol- 
5 lowing operations: transfer rate adaptation, channel 
coding, interleaving, encryption, composition of a 
TDMA frame and adjustment of transmitter power con- 
trol. The channel coding unit is connected to a frame 
buffer 22a, in which each transmission connection has 

10 a fixed allocated storage location through the dura- 
tion of the call and which contains the data to be 
transmitted from each transmission connection in the 
next TDMA frame. Accordingly, the frame buffer stores 
the contents of at least one TDMA frame at a time and 

15 transmits a burst to an interface unit 24 in each 
time slot, which burst contains the data to be trans- 
mitted in said time slot. The interface unit trans- 
mits the data further via the switching field 17 to 
one transceiver unit* 

20 in the frame buffer 22a, there will be a normal 

TDMA frame, typically comprising 8 time slots TSO to 
TS7 (each one of them belonging to a certain trans- 
mission channel). In the frame buffer 22a, the time 
slot hopping of the invention is realized in such a 

25 way that the ordering of the bursts to be transmitted 
to the interface unit 24 is changed in accordance 
with a certain predetermined algorithm. Instead of 
the frame buffer transmitting bursts to the interface 
unit, the interface unit can also read the time slots 

30 of the frame buffer as per frame into the transceiver 
unit in accordance with a predetermined time slot 
hopping sequence. Figure 3 shows one such time slot 
hopping sequence comprising (in this case) eight se- 
quential TDMA frames 30 (shown below each other in 

35 Figure 3), which define a multiframe structuring the 
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stream of TDMA frames* The first frame corresponds to 
a "basic" TDMA frame, in which traffic channels TCHO 
to TCH7 are in their "reference" allocations. In the 
next frame r each traffic channel has always been re- 
5 allocated within the frame, and during one sequence 
each traffic channel has visited all time slots of 
the frame, after which the hopping sequence is re- 
peated again, etc., whereby a hopping chain is formed 
by sequentially repeated sequences. (When N time 

10 slots participate din time slot hopping, a multi frame 
is needed, the length of which is N frames.) An exam- 
ple in Figure 3 shows the traffic channel TCHO going 
through the time slots of the frame in the order TSO- 
TS3-TS6-TS1-TS4-TS7-TS2-TS5 . 

15 Figure 4 shows the respective transitions as a 

set of arrows. The same transitions (the set of ar- 
rows) are valid as relative transitions for each 

traffic channel TCHO TCH7. 

In reception, respectively, the interface unit 

20 24 feeds the data received from a demodulator of the 
receiver via the switching matrix 17 to another frame 
buffer 22b, which stores the contents of at least one 
whole TDMA frame (the data received for each trans- 
mission connection in the previous TDMA frame), per- 

25 forms the Ixopping algorithm described above in such a 
way that the channels take the right places within 
the frame and feeds the TDMA frames time slot by time 
slot (in parallel or series form) to a channel decod- 
ing unit 23, which performs e.g. the following opera- 

30 tions : def raining of frame structure, de- interleaving, 
convolution and block decoding, error correction and 
adaptation of transfer rate. The channel decoding 
unit 23 transmits the decoded data further to the 
other units of the radio system; in the GSM system, 

35 for instance, to a base station controller. 
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Instead of in signal processing units, the 
frame buffers can be positioned also on the other 
side of the switching field 17, i.e. in connection 
with the transceiver units. This alternative is more 
5 disadvantageous, however, as frequency hopping is 
used at the same time, because the situation in each 
transceiver unit changes in each TDMA frame, which 
makes it more difficult to control the transceiver 
unit. 

10 The frame buffers can also be eliminated from 

the signal processing units and both time slot hop- 
ping and frequency hopping can be performed entirely 
by means of the switching field 17. Then the switch- 
ing field performs the frequency hopping as a connec- 

15 tion in each .TDMA frame slot and the time slot hop- 
ping as a connection in each time slot. The switching 
field is then a conventional time division switching 
field, which is realized by memory circuits. The con- 
tents of a TDMA frame is written in a switching mem- 

20 ory, from which it is read in another order. In this 
way, the mutual order of the channels can be changed 
as per frame. Consequently, the principle of the 
structure of a signal processing unit is in this em- 
bodiment according to Figure 2b, which means that no 

25 frame buffers are needed, but the channel coding unit 
21 transmits the time slots of the TDMA frame conti- 
nuously in conventional numerical order to the inter- 
face unit 24 (or the interface unit reads them in 
conventional numerical order from the channel coding 

30 unit) , and the switching field 17 is realized as a 
time division matrix with a switching memory, which 
is indicated by the reference numeral 18 in Figure 1. 

Figures 3 and 4 show an embodiment of time slot 
hopping, in which the neighbours of each traffic 

35 channel are the same ones during almost the whole se- 
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quence . Figure 5 shows a sequence of another type 
with the additional benefit that it offers additional 
protection from crosstalk from one time slot to an- 
other. Also in this example , each traffic channel 
5 visits all time slots of the frame during one se- 
quence (multiframe) . This is, however, not necessary; 
neither is it necessary that the number of frames 
belonging to one sequence is identical with the num- 
ber of time slots in a frame. 

10 if all time slots of an 8 time slot TDMA frame 

are included din a hopping sequence, there are seven 
alternatives available for the first hop, six alter- 
natives for the following hop, etc. , which means that 
71 (7 factorial) - 5040 different hopping sequences 

15 can be formed. These sequences have a varying degree 
of mutual correlation. In general, when n time slots 
are included in time slot hopping, (n-1) I different 
sequences are obtained at the most. In a cellular 
network system, these sequences can be divided among 

20 th& cells . 

The object of planning time slot hopping se- 
quences is the same as that of planning frequency 
hopping sequences: the intention is to form sequences 
as uncorr elated as possible to be used in cells situ- 

25 ated within the range of influence of each other. For 
instance, as far as co-channel cells are concerned, 
it is not enough that they have different sequences, 
but the mutual deviation of the sequences must be 
sufficient. Because the number of sequences available 

30 is great, it is possible to find sequences mutually 
sufficiently uncorrelated among them. Which sequences 
are mutually sufficiently uncorrelated each time, 
depends on the co-channel interference tolerance of 
the system (which is 9 dB in the GSM system), on the 

35 environment of the system and on the statistic be- 
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haviour model of the users. 

According to the invention, time slots and 
transmission channels, preferably traffic channels, 
can be formed to groups, so that a certain group of 
5 channels shares a common group of TDMA time slots in 
such a manner that all channels of the channel group 
in question use said time slot group in accordance 
with a predetermined repeated sequence mutually syn- 
chronously in such a way that each channel in turn 

10 uses each time slot. Said transmission channel group 
comprises preferably as many channels as there are 
time slots in a TDMA frame of the system. 

Though the invention has been described above 
with reference to the example of the attached draw- 

15 ing, it is clear that the invention is not restricted 
to that, but it can be modified in many ways within 
the scope of the inventive idea presented above and 
in the attached claims. It is, for instance, not ne- 
cessary that the time slots forming the same trans - 

20 mission channel occur in directly sequential frames, 
and a hop is not absolutely necessary after each 
frame . Consequently , when the attached claims speak 
of sequential frames, it does not absolutely mean 
that the frames are directly sequential. 

25 

List of references cited: 
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on the radio path: General description". 
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"Spread Spectrum for Commercial Communications", IEEE 
Communications Magazine, April 1991- 
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Claims: 

1. a method of increasing interference diversi- 
ty in an FDMA/TDMA based cellular system, comprising 
5 - several base stations (11), each of which 
forms a radio cell (12) of its own and comprises ra- 
dio transceiver elements (TRX1 TRX4) for transmit- 
ting signals at least at one transmission frequency 
in sequential time slots and for receiving signals at 

10 least at one reception frequency in sequential time 
slots forming a TDMA frame (30) of the system and 

- mobile stations (12) connected to the base 
stations (11) via a radio path, 

in which system a transmission channel between 

15 a mobile station (12) and a base station (11) is 
realized as a burst in a time slot of the TDMA frame 
(30) of a carrier of the base station, 

according to which method, frequency hopping is 
used in a first part of the base stations (11) of the 

20 system, characterized in that addition- 
ally, in a second part of the base stations (11) of 
the system, at least one transmission channel uses at 
least two different time slots of a TDMA frame in se- 
quential TDMA frames (30) in accordance with a prede- 

25 termined 'repeated sequence and that the sequences 
used by the separate base stations (11) are mutually 
coordinated in such a way that at least the sequences 
of the cells situated within the range of influence 
of each other are mutually sufficiently uncorrelated* 

30 2. A method according to claim 1, c h a r a c- 

terized in that said first part and said sec- 
ond part comprise partly the same base stations ( 11 ) . 

3. A method according to claim 1, charac- 
terized in that said first part and said sec- 

35 ond part comprise the same base stations ( 11 ) . 
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4. A method according to claim 3, charac- 
terized in that, for maximizing the interfer- 
ence diversity, said first part and said second part 
comprise all base stations (11) of the system. 
5 5. A method according to claim 1, charac- 

terized in that, at a base station (11) be- 
longing to said second part, at least part of the 
transmission channels forms a group sharing a common 
group of TDMA time slots in such a way that all 

10 transmission channels of said transmission channel 
group use said time slot group in accordance with a 
predetermined repeated sequence mutually synchronous- 
ly in such a manner that each transmission channel in 
turn uses each time slot. 

15 6* A method according to claim 5, charac- 

terized in that the transmission channel group 
consists of the traffic channels of the system. 

7. A method according to claim 5, charac- 
terized in that said transmission channel 

20 group comprises as many channels as there are time 
slots in a TDMA frame (30) of the system. 

8. An FDMA/TDMA-based cellular system, compris- 
ing 

- several base stations (11), each of which 
25 forms a radio cell (12) of its own and comprises ra- 
dio transceiver elements (TRX1 TRX4) for transmit- 
ting signals at least at one transmission frequency 
in sequential time slots and for receiving signals at 
least at one reception frequency in sequential time 

30 slots forming a TDMA frame (30) of the system, where- 
by at least part of the base stations (11) comprises 
frequency-hopping means ( 17 ; TRX1 . . . TRX4 ) for per- 
forming frequency hopping, and 

- mobile stations (12) connected to the base 
35 stations (11) via a radio path, 
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in which system a transmission channel between 
a mobile station (12) and a base station (11) is 
realized as a burst in a time slot of the TDMA frame 
(30) of a carrier of the base station, 
5 characterized in that, for increasing 
the interference diversity of the system, at least 
part of the base stations (11) comprises time slot 
hopping means (17, 18; 22a, 22b) for changing the 
time slot allocation of at least one transmission 
10 channel within the frame (30) from one frame to an- 
other in accordance with a certain predetermined hop- 
ping sequence, whereby said hopping is performed both 
in transmission and in reception* 

9. A system according to claim 8, c h a r a c- 
15 t e r i z e d in that all base stations (11) of the 

system comprise said time slot hopping means (17, 18; 
22a, 22b). 

10. A system according to claim 8, _ c h a r- 
acterized in that said time slot hopping 

20 means comprise a frame buffer (22a, 22b) both in the 
transmission and the reception branch , which frame 
buffer stores the data of at least one TDMA frame 
(30) at a time and from which frame buffer the data 
is transferred further time slot by time slot in ac- 

25 cordance with said hopping sequence. 

11. A system according to claim 8, char- 
acterized in that said time slot hopping 
means comprise a time division switching field (17), 
whereby the data of the TDMA frame (30) are written 

30 into the switching memory (18) of said field, from 
which memory (18) the data is read time slot by time 
slot in accordance with the predetermined hopping se- 
quence. 
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